The species composition of the vegetation in most regions of Angola has been poorly studied and most studies date back to the pre-independence era. In this study, we provide a detailed account of the woody flora of the Miombo woodlands and geoxylic grasslands of the Cusseque study site of "The Future Okavango" (TFO) project, situated on the Angolan Central Plateau. The checklist is based on a vegetation survey using vegetation plots of 1,000 m 2 and also includes records from botanical collections made elsewhere at the study site. In total, we documented 154 woody species belonging to 99 genera of 37 plant families in 100 km 2 . The study represents the first comprehensive account of the woody vegetation of the area including all habitats and growth forms.
INTRODUCTION
Rural communities in Angola hold an enormous knowledge of the local flora and especially have great understanding of the potential usages of plants . In contrast, scientific exploration and documentation of the vegetation of Angola is still limited. Early botanists such as Friedrich Welwitsch visited the country in the middle of the 19 th century (Welwitsch 1869). The most influential botanist working in Angola in the first half of the 20 th century was John Gossweiler, who worked in all Angolan provinces and collected over 14,000 specimens. His collection is considered an especially important source of information for rare and endemic species . Furthermore, Goss weiler produced the first phytogeographic map of Angola containing 19 principal vegetation types . Based on this map and his own observations, Luís A. Grandvaux Barbosa published a new phytogeographic map in 1971 containing 32 main types and over 100 subordinate types dealt with in the text . However, the descriptions of these vegetation types were of general character and limited to the dominant species. Detailed descriptions of the species composition and plant diversity of the Angolan vegetation are lacking for most parts of the country. For the province of Bié, provided an excellent overview on the woody vegetation including the first provincial map of the woodlands. Based on 144 relevés, Monteiro delineated three associations of woody plants and four sub-associations.
The civil war that followed Angola's independence in 1975 made any scientific work in Angola extremely difficult, and thus, most scientific literature available today dates back to the pre-independence era. Since the end of the armed conflict in 2002, scientific work is slowly increasing. However, botanical work in the country is still hampered by the lack of field guides and the fact that the principal work on the flora of Angola, the Conspectus Florae Angolensis, remains unfinished and important families such as the Rubiaceae are not treated. Similarly, a countrywide checklist of the flora of Angola was lacking until the recent publication of "Plants of Angola -Plantas de Angola" by . Nevertheless, inventories of vascular plants at the local and regional scale are still lacking for most parts of the country. Such inventories are indispensable for any kind of natural resource management planning, conservation measures or ecological studies ).
The interdisciplinary research project "The Future Okavango" (TFO) aims to provide a scientific basis for strategic resource planning for the Okavango Basin. The headwaters of the Okavango River, where 95% of the runoff are generated, are located on the Angolan Central Plateau . Rapid transformations of the social-ecological systems are currently taking place there . However, little knowledge and data on the vegetation and the botanical diversity was available . In this study, we present results of the vegetation survey carried out at the research site "Cusseque" in the province of Bié located at the upper reaches of the Okavango River.
MATERIALS AND METHODS

Study site
The Okavango River originates on the Angolan Central Plateau and terminates in a large inland delta in the Kalahari Desert in Botswana. Within the TFO project, detailed studies were carried out at four research sites representing the different parts of the river basin. The work presented in this paper was carried out at the study site Cusseque with an area of 100 km 2 (13.6985° S, 017.0382° E). The site is located on the Angolan Central Plateau in the province of Bié (Figure 1 ; . The landscape can be described as a rolling plain intersected by the Cusseque River and its many tributaries, which are orientated perpendicular to each other. Three major landscape units can be identified: the elevated areas, the sloping areas leading down to the valley bottoms and the valley floors . The mean elevation is 1,575 m above sea level while the difference in elevation between the valley bottom of the main river and the surrounding elevated areas is about 100 m . The climate of the Cusseque area is semi-humid with a pronounced wet season lasting from November to April. The mean annual precipitation is 987 mm and the mean annual temperature is 20.4°C . The study area harbours a high pedodiversity. The elevated areas are characterized by deep and developed slightly loamy Arenosols. The slopes of the smaller valleys of the tributaries and at the western side of the Cusseque River show shallow Plinthisols on granitic bedrock. The soils along the eastern part of the Cusseque River are characterized by very deep and leached Arenosols. The centre of the valleys support Histosols with peat layers exceeding 1 m in depth while at the edges of the wetlands Gleysols are the common soil type .
The main vegetation types covering south central Angola are semi-deciduous Miombo woodlands and forests (Figures 2a and b) . These woodlands are interspersed with open vegetation types locally termed anharas de ongote. The salient feature of the open vegetation types are dwarf shrubs with a huge underground woody biomass. This distinct life form was described by as "geoxylic suffrutex". In the Cusseque area, geoxylic suffrutices occur on two different soil types: on deep, leached sandy soils and on shallow, compact, ferralitic soils. Accordingly, we will differentiate herein between "geoxylic grasslands on sandy soils" (Figure 2c ) and "geoxylic grasslands on ferralitic soils" (Figure 2d ). The occurrences of the different vegetation types are governed by topography: woodlands and forests are confined to the elevated areas and upper slopes. The mid-and lower to the unique character of the geoxylic grasslands, these were subject to an additional field study. Therein, data were collected using 10 m × 10 m plots with two 3.3 m × 3.3 m subplots situated in diagonally opposite corners (adapted from . In every plot all vascular plants found were recorded and their projected cover estimated visually. Unknown plants were photographed and voucher specimens were collected according to botanical methods outlined by . Voucher specimens were deposited in the herbarium of the ISCED Huíla (LUBA) and in the Herbarium Hamburgense (HBG). In addition to the species recorded on the vegetation plots, species found elsewhere while working at the study area were added to the checklist. A high number of vegetation plots and several months of field work carried out by four observers in all seasons ensured a comprehensive coverage of the woody species present at the study area.
Taxonomy and plant identification
We followed the taxonomy of the checklist "Plants of Angola -Plantas de Angola" by . We are aware of recent changes in the taxonomy, but decided to conform to the national checklist. For identification, we consulted the Conspectus Florae Angolensis (Exell & Mendonça 1937 ; Exell & Fernandes slopes feature geoxylic grasslands. The woodlands and geoxylic grasslands are separated by ecotones extending up to several hundred meters where elements of both vegetation types co-occur. The valley bottoms support wetlands dominated by Cyperaceae ).
Data collection
Plot based vegetation surveys were carried out during the growing season in the years 2011 to 2014 and all information is stored in the Vegetation Database of the Okavango Basin (GIVD ID: AF-00-009, . In order to evenly map all existing vegetation units, sampling followed a random, stratified design. Based on an image segmentation algorithm using all bands of a Landsat 7 scene, seven major vegetation units were identified. In these vegetation units random points were created using GIS and transferred to a hand-held GPS for localization in the field. Furthermore, additional vegetation plots were examined in different successional stages of Miombo forest to analyse successional pathways of the regeneration of natural vegetation after disturbance by shifting cultivation (Gonçalves et al., accepted) . We used a nested plot design with a 10 m × 10 m plot located in the centre of a 20 m × 50 m plot. In total, we sampled 148 vegetation plots. Due when possible, and the flora of neighbouring countries, especially the Flora Zambeziaca and the field guide to the Trees and shrubs of Namibia (2004), and all other relevant national and international instruments concerning biodiversity were taken into account.
Data analysis
We visualized the number of species per family of all species belonging to one family using the function 'pie' in the statistical software R (R Development Core Team 2016). Data on the frequency of occurrence of a species, the habitat and the life form were compiled from vegetation plot data. We assigned frequency according to the following categories: very rare (1 or 2 observations), rare (3-5 observations), occasional (6-10 observations), frequent (11-30 observations), common (>30 observations). We assigned every species to one or more of the following life form categories based on field observations and literature: tree, shrub, liana, dwarf shrub and geoxyle. For geoxyles we followed the definition proposed by . White defined a geoxyle as a dwarf shrub that has closely related species growing as trees and that exhibits massive woody underground parts.
RESULTS
We documented 154 woody species belonging to 99 genera and 37 families ( Table 1 ). The majority of species belonged to the family Fabaceae (33), followed by Rubiaceae (22), Euphorbiaceae (11), Proteaceae (10) and Combretaceae (9) ( Figure  3) . Most of the dominant species belonged to the Fabaceae and occurred with high frequencies. In contrast, the Rubiaceae, second in species richness, contained species occurring with low frequencies and were less abundant. The woodlands and forests showed the highest woody species richness with 110 species belonging to 32 families. A surprisingly high number of 33 woody species from 14 families were found in the geoxylic grasslands. These open vegetation types appear to be merely grasslands in the late growing season (Figures 2c and d) but in fact harbour a remarkable diversity of woody species (Table 1 ). In the wetlands few woody species occurred and we recorded only two Ficus species sporadically occurring along the margins of the wetlands.
One species, Combretum schumannii Engl., was recorded but is not listed in the current checklist of Angola .
DISCUSSION
The 154 species recorded within the 100 km 2 of the Cusseque study site almost equalled the 166 woody species found by in the entire province of Bié, an area of 70,314 km 2 . This does not reflect the quality of the study of Monteiro but rather illustrates how poorly the region has been surveyed so far. In fact, the study carried out by is of high quality and stands out as the only study of its time from Angola basing its analysis on quantitative, plot based data. However, the study was restricted to woodlands and only larger shrubs and trees were included. In contrast, we included all vegetation types ranging from woodlands to geoxylic grasslands and wetlands. Due to the high sampling intensity and the coverage of all vegetation types our species list can therefore be considered a comprehensive checklist of the woody plant species of the Cusseque area. However, it must be noted that this list does not contain any specimen that could not be identified to at least genus level; some specimens were lacking fruits or flowers, preventing further identification. Therefore, the actual number of woody species may be slightly higher.
Despite the relatively recent publication of the checklist of vascular plants of Angola, subsequent field surveys in various parts of the country have resulted in additions to the checklist . We provided the first record in Angola of the herbaceous Asteraceae Schistost ephium crataegifolium (DC.) Fenzl ex Harv, during the Table 1 . List of species arranged by family. Voucher specimens have been deposited in the herbaria of Lubango (LUBA) and Hamburg (HBG). In most cases doublets are stored in both herbaria. The herbarium name in parentheses is the location where the specimen used for identification is deposited. Frequency was assigned according to the following categories: very rare (1 or 2 observations), rare (3-5 observations), occasional (6-10 observations), frequent (11-30 observations), common (>30 observations). Life forms of the species were assigned to one or more of the categories: tree, shrub, liana, dwarf shrub and geoxyle. field work for this study ). In the case of Combretum schumannii Engl. literature indicated that the range of the species might extend to Angola . However, neither this taxon nor its synonyms were included in the Angolan checklist . Most of the species occurred either in the geoxylic grasslands or in the woodlands and forests. However, many of the geoxylic suffrutices have closely related tree species growing nearby in the woodlands (Figures 4h and 4i) . In Africa, the centre of diversity of geoxylic suffrutices is in the Zambezian phytoregion. In regions with similar environmental conditions, such as the Sudanian phytoregion, there is only a very limited number of geoxylic species .
We found two types of geoxylic grasslands, each harbouring a very distinct species pool with only a small overlap. There is much debate on the environmental factors driving the emergence of this distinct life form . However, the different species composition of the two types of geoxylic grasslands found in Cusseque can be clearly attributed to the contrasting edaphic conditions. The two dominant species in the "geoxylic grasslands on ferralitic soils" Cryptosepalum maraviense (Figure 4g ) and C. exfoliatum ssp. suffruticans ( Figure 4i ) belong to the Fabaceae. In contrast, the "geoxylic grasslands on sandy soils" were dominated by various species of the genus Ochna of the Ochnaceae and Parinari capensis of the Chrysobalanaceae. The "geoxylic grasslands on ferralitic soils" have their core distribution on the Angolan Central Plateau and make up 8.5% of the land surface within the Cubango Basin (Revermann et al. in revision) . The "geoxylic grasslands on sandy soils" have a very limited distribution within the study site and cover 0.7% of the area of the Cubango Basin. However, they are more extensive further east in the Cuito River Basin and in eastern Moxico Province, where they occur on large sandy, alluvial plains of the Zambezi Graben, e.g., in Cameia National Park.
INTRODUCTION
MATERIALS AND METHODS
Study site
The Okavango River originates on the Angolan Central Plateau and terminates in a large inland delta in the Kalahari Desert in Botswana. Within the TFO project, detailed studies were carried out at four research sites representing the different parts of the river basin. The work presented in this paper was carried out at the study site Cusseque with an area of 100 km 2 (13.6985° S, 017.0382° E). The site is located on the Angolan Central Plateau in the province of Bié (Figure 1 ; . The landscape can be described as a rolling plain intersected by the Cusseque River and its many tributaries, which are orientated perpendicular to each other. Three major landscape units can be identified: the elevated areas, the sloping areas leading down to the valley bottoms and the valley floors . The mean elevation is 1,575 m above sea level while the difference in elevation between the valley bottom of the main river and the surrounding elevated areas is about 100 m ). The climate of the Cusseque area is semi-humid with a pronounced wet season lasting from November to April. The mean annual precipitation is 987 mm and the mean annual temperature is 20.4°C . The study area harbours a high pedodiversity. The elevated areas are characterized by deep and developed slightly loamy Arenosols. The slopes of the smaller valleys of the tributaries and at the western side of the Cusseque River show shallow Plinthisols on granitic bedrock. The soils along the eastern part of the Cusseque River are characterized by very deep and leached Arenosols. The centre of the valleys support Histosols with peat layers exceeding 1 m in depth while at the edges of the wetlands Gleysols are the common soil type .
The main vegetation types covering south central Angola are semi-deciduous Miombo woodlands and forests (Figures 2a and b) . These woodlands are interspersed with open vegetation types locally termed anharas de ongote. The salient feature of the open vegetation types are dwarf shrubs with a huge underground woody biomass. This distinct life form was described by as "geoxylic suffrutex". In the Cusseque area, geoxylic suffrutices occur on two different soil types: on deep, leached sandy soils and on shallow, compact, ferralitic soils. Accordingly, we will differentiate herein between "geoxylic grasslands on sandy soils" (Figure 2c ) and "geoxylic grasslands on ferralitic soils" (Figure 2d ). The occurrences of the different vegetation types are governed by topography: woodlands and forests are confined to the elevated areas and upper slopes. The mid-and lower to the unique character of the geoxylic grasslands, these were subject to an additional field study. Therein, data were collected using 10 m × 10 m plots with two 3.3 m × 3.3 m subplots situated in diagonally opposite corners (adapted from Dengler 2009). In every plot all vascular plants found were recorded and their projected cover estimated visually. Unknown plants were photographed and voucher specimens were collected according to botanical methods outlined by . Voucher specimens were deposited in the herbarium of the ISCED Huíla (LUBA) and in the Herbarium Hamburgense (HBG). In addition to the species recorded on the vegetation plots, species found elsewhere while working at the study area were added to the checklist. A high number of vegetation plots and several months of field work carried out by four observers in all seasons ensured a comprehensive coverage of the woody species present at the study area.
Taxonomy and plant identification
Data collection
Data analysis
RESULTS
DISCUSSION
